Energetic X-ray flares have been well detected in a good fraction of Swift Gamma-ray Burst (GRB) afterglows tens to hundreds seconds after the trigger of the prompt γ−ray emission phase. These flares are usually attributed to the late time activity of the central engine. We suggest a new central engine model to account for these X-ray flares. In this model, the GRB central engine is a rotating magnetized supramassive neutron star (SMNS). When the SMNS has lost significant part of its angular momentum, it collapses to a black hole and produces a Poynting-flux dominated outflow which give rise to the observed X-ray flares.
INTRODUCTION
The Swift has provided an unexpected look at the behavior of X-ray emission from Gamma-ray Burst (GRB) afterglows beginning within 300s of the burst onset. In a good fraction (around 50%) of early X-ray afterglows recorded by X-ray Telescope (XRT) onboard Swift, X-ray flares are well detected (e.g. Burrows et al. 2005; Nousek et al. 2005) . These flares appear at about tens to hundreds seconds after the trigger of the GRBs and last about several hundred seconds. They are characterized by (1) Sometimes there are several X-ray flares in one GRB afterglow. (2) Accompanying the X-ray flares, there is no strong optical emission. (3) Both the rise and the decline of most X-ray flares are very steep. Fan & Wei (2005) suggested that these phenomena could be understood if these X-ray flares were powered by some "inner energy dissipation" processes, for example, the late internal shocks (see Zhang et al. 2006 for extended discussion).
In the "late internal shock model", it is needed that after the cease of the prompt γ−ray emission, the central engine can be re-started (Fan & Wei 2005; Zhang et al. 2005) . King et al. (2005) proposed that X-ray flares might result from the fragmentation of the collapsing stellar core, and the subsequent merger of a significant fragment with the most massive compact object formed in the collapse. While Perna et al. (2005) suggested that the flares could be due to subsequent accretion of blobs of material in the hyperaccreting accretion disk which initially circularize at various radii and subsequently evolve viscously. Here we suggest that the flares may be result from the collapse of the magnetized supramassive neutron star (SMNS).
THE MODEL
One of the theoretical candidates for the GRB central engine is a rapid rotating neutron star with B 10 15 G, where B is the surface magnetic field strength of the neutron star (e.g. Usov 1992 Usov , 1994 . In this magnetar model, the magnetic dissipation of the outflow energy can give rise to the prompt γ-ray emission (Usov 1992 (Usov , 1994 .
For a cold, non-rotating, spherical neutron star, the maximum mass is in the range of 1.8-2.3M ⊙ for most equations of state(EOS) (Akmal et al. 1998) . While for a uniform rotating NS, its maximum mass is found to be at most ∼ 20% larger than the non-rotating value (e.g. Cook et al. 1992 Cook et al. , 1994 , and references therein). Rotating equilibrium configurations with rest masses exceeding the maximum rest mass of nonrotating stars constructed with the same EOS are referred to as SMNS (Cook et al. 1992) . If the NS has differential rotation, the maximum allowed mass can be much larger than the value of the uniform rotating ones (e.g. Baumgarte et al. 2000) . For a highly magnetized neutron star (B 10 15 G), the timescale of differential rotation evolving to uniform rotation can be estimated as (Baumgarte et al. 2000; Shapiro 2000; Cook et al. 2003) 
where R and M are the radius and mass of the differentially rotating NS, respectively. It is much shorter than the spin-down timescale of a uniformly rotating star (see equation (2)) (Shapiro 2000) . So it is reasonable to consider the uniformly rotating SMNS with mass of 2.0M ⊙ .
The SMNS can be support against the collapse mainly by the rapid rotation. When the rapid rotating SMNS loses angular momentum through magnetic dipole radiation, it slows down and ultimately collapses to a BH. The timescale may be shorter if the emission of gravitational waves has been taken into account (Andersson 1998) .
For a SMNS with a mass M s , radius R s , angular velocity Ω s , magnetic field B s , and angular momentum j s , the spin-down timescale is (assuming the angular momentum loss is through the pure magnetic dipole radiation)
When a collapsar collapses or a binary compact objects merges, a magnetized supramassive neutron star will be produced. GRBs can be resulted in the magnetic energy dissipation of the magnetized SMNS. After about several hundred seconds, the SMNS collapses into a BH because of the loss of angular momentum. Enough energy will be released to produce the observed soft X-ray flares during this process. The energy can be extracted through two popular mechanisms: neutrino mechanism and/or magnetic mechanism.
After a SMNS collapses into a BH, a highly magnetized debris disk is left behind surrounding the central BH (Königl 2003) . But mass only less than 10% of SMNS can be left behind in the form of a rotational supported disk (e.g. Shapiro and Shibata 2002) . It is not more than 0.2 M ⊙ . Popham et al (1999) and Narayan et al. (2000) have shown that forṀ 0.1M ⊙ s −1 , accretion proceeds via neutrino cooling and neutrinos can carry away a significant amount of energy from the inner regions of the torus. So even the accretion efficiency is 1(i.e. all the material in the disk can be accreted into the central BH.), the accretion time is not more than 2s. If the initial accretion rateṀ is more than 0.1M ⊙ s −1 , the luminosity due to νν annihilation can be achieved to 10 48 ergs s −1 (Di Matteo et al. 2002) . The observed duration time may be 10 times longer than the duration of the energy input because of the differing propagation speeds of the jet head and tail (Aloy et al. 2005) . Even so, the timescale is much shorter than the duration of most X-ray flares (Burrows et al. 2005) . So the neutrino annihilation mechanism is insufficient to power the X-ray flares. Similar conclusion has been obtained by .
The relativistic jet can be powered by the spin energy of the central BH extracted by the MHD processes. The debris torus is highly magnetized, the spin energy might be tapped by the highly magnetic field through Blandford-Znajek effect (Blandford and Znajek 1997) . When the magnetic field of the debris torus is as high as 10 15 G, the jet luminosity can be
where a is the spin paramater of the central BH, a = J BH c/GM 2 BH , J BH and M BH are the angular momentum and the mass of the central BH. Its typical value is a ∼ 0.5 . So this power is enough to give rise to the X-ray flares.
The relativistic jet can also be powered by other MHD processes. The MHD numerical simulation suggests that the efficiency to covert the accretion luminosity to a Poynting-flux dominated outflow luminosity is about 10 −4 − 10 −3 (Proga et al. 2003; Mizuno et al. 2004 ). For the average accretion rateṀ ∼ 10 −3 M ⊙ s −1 , the luminosity can be ∼ 10 48 −10 49 ergs s −1 . It is adequate to produce the brightest X-ray flares detected so far.
In the Poynting-flux dominated outflow, the X-ray flare emission could be due to the dissipation of the magnetic field (Usov 1994; Thompson 1994) or internal shocks with magnetization (Fan et al. 2004) . Following Usov (1994) , the radius at which the MHD condition breaks down is (see also Zhang & Mészáros 2002; )
where σ is the ratio of the magnetic energy flux to the particle energy flux, Γ is the bulk Lorentz factor of the outflow, t v,m is the minimum variability timescale of the central engine.
Beyond this radius, significant magnetic dissipation processes are expected to happen which convert energy into radiation. At r M HD , the corresponding synchrotron radiation frequency can be estimated as )
where
], ǫ e is the fraction of the dissipated comoving magnetic field energy converted to to the comoving kinetic energy of the electrons, and the accelerated electrons distribute as a single power-law dn/dγ e ∝ γ −p e . So most energy is radiated in the soft X-ray band.
DISCUSSION
Swift XRT has revealed a new, rich, and unexpected phenomenology of early X-ray afterglows observations. The most important one may be the energetic flares observed hundreds to thousands of seconds after the initial burst signal in both long and short GRBs (e.g. Burrows et al. 2005; Barthelmy et al. 2005) . All these X-ray flares can be well interpreted by the "inner energy dissipation model", for example, the late internal shock model (Fan & Wei 2005; Zhang et al. 2005 ) and the late magnetic energy dissipation model .
In this Letter, we suggest a magnetized central engine model for the X-ray flares. Either in the collapsar model (for long GRBs) or in the merger of a NS-NS or NS-BH model(for short GRBs), a highly magnetized rotating SMNS can be formed, the dissipation of its magnetic energy can give rise to the observed gamma-ray bursts. Even at the end of the GRBs, the SMNS can still exist if the uniform rotation can support against the gravity of the SMNS. Along with the transport of the angular momentum continues, the SMNS will eventually collapse to a BH and a magnetized torus system, and then produce the X-ray flares detected in many GRB afterglows.
The spin-down timescale of the SMNS is of the order of 10 2 s, it is mainly determined by the surface magnetic field strength of SMNS. After the collapse of SMNS, a Poynting-flux dominated outflow is produced, whose luminosity can be as high as 10 48 − 10 49 ergs s −1 . Significant part of energy may be emitted in the soft X-ray band, which is bright enough to account for the X-ray flares detected so far. The mass of the residual torus surrounding the central BH is very small, so is the accretion rate. The X-ray flares can not be powered by the neutrino annihilation annihilation in the torus. It is very likely that the outflow powering the X-ray flares are Poynting-flux dominated, so the emission should be linearly polarized, as suggested by . In this model, no strong MeV-GeV photons accompanying the X-ray flare (due to the synchrotron self inverse Compoton effect) are expected, in contrast to the baryon-rich internal shock model (see Wei et al. 2006 for a primary suggestion).
